The effect of some factors, such as ethanol content, type of modified atmosphere packaging and UV radiation dose, on the mould free shelf life of wrapped part-baked baguettes has been investigated in comparison with the conventional chemical preservatives as calcium propionate and potassium sorbate. Ethanol content, ranging between 0.5-15% by weight, can cause a significant increase in the mould free shelf life up to 1050%, when its percentage reaches 1.5% by weight of part baked wrapped baguette. Modified atmosphere packaging in polyethylene-polyamide-polyethylene vinyl alcohol (PA/EVOH/PE) bags can lead to an increase of at least 1400% and it is more effective at lower temperature of storage. The UV radiation treatment (32 kGy) increases the shelf life by 100 %. In contrast, the addition in the dough 0.15% of calcium propionate or potassium sorbate by flour weight improves the shelf life by 26% and 106% respectively.
INTRODUCTION
Spoilage of bread is due to three forms of deterioration: staling, moisture loss or gain and microbial spoilage. Nevertheless, microbial spoilage is a major limiting factor of the shelf life of bread (Seiler, 1983) . Moulds are the most troublesome, since it is considered that 60% of the spoilage problems are caused by moulds, resulting in losses of 1 to 5% of the total bread production (Legan, 1993; Legan and Voisey, 1991) . Moreover, the evidence that moulds produce mycotoxins, generates risks to public health (Legan, 1993; Reiss, 1981) . Fungi isolated from bread belong to Penicillium, Aspergillus, Cladosporium, Mucor and Neurospora groups (Odell, 1983) . Viable vegetative moulds and mould spores are destroyed by the heat of the baking process, due to thermal inactivation. However, post baking contamination occurs during cooling and packaging (Smith, 1993) . Indeed, airborne distribution of flour dust and mould spores is likely to give rise to contamination of the bread surface (Legan, 1993) . Besides mould spoilage, bacterial and yeast spoilage can occur. The most common encountered is ropiness, used by the bacteria Bacillus subtilis whose spores survive baking (Grundy, 1996; Legan and Voisey, 1991; Seiler, 1983; Smith and Simpson, 1996) .
Thus, it is evident that the prolongation of the shelf life of bread can improve its quality as well as the productivity and profitability of a company. Several methods of bread preservation are mentioned in the relevant literature (Seiler, 1983; Legan and Voisey, 1991; Legan, 1993; Islam, 1982) , including mould inhibitors (propionates, sorbates, dimethyl fumarate, acetates, ethanol), modified atmosphere packaging, pasteurisation, infrared and ultra-violet irradiation, freezing etc. However, there are few references concerning wrapped part baked baguettes. This type of bread is very likely to get mouldy, since light baking allows a high humidity content of bread favouring the development of micro-organisms.
The present work is a contribution to the prolongation of the shelf life of bread products. Particularly, we attempted to apply methods for extending the mould free shelf life of wrapped part baked baguettes. So, we studied the effect of several factors, such as ethanol -which is claimed to be a very effective food preservative (Seiler and Russel, 1991 ) -chemical preservatives (calcium propionate and potassium sorbate), ultra-violet radiation, pasteurisation and modified atmosphere packaging in combination with the storage temperature. A relative comparison of the efficiency of the above factors in the increase of the shelf life of this kind of bread product is also given.
MATERIALS
The preservatives used were either calcium propionate of 95 % purity (Probake, Ducoa, Holland) or potassium sorbate (Hoechst, Germany). Ethanol was 96° food-grade (Joseph Mills Ltd, Royaume -Uni). The modified atmosphere packaging bags were made of polymeric material, a copolymer of polyamide (PA), polyethylene (PE) and polyethylene vinyl alcohol (EVOH), 250x400 mm (VERPACK, Thessaloniki, Greece). The characteristics of the polymeric packaging material (Greengrass, 1998) used for the bags in modified atmosphere packaging and in every experiment were: thickness 70 \i, permeability to O 2 : 3.6 cmVmVatm per 24h for 1 ml film at 25°C, permeability to CO 2 : 64.8 cm7m7atm per 24h for 1 ml film at 25°C, permeability to H 2 O: 8.72 g/m 2 per 24h (38 °C, 90% R.H.). The emulsifier (Imwitor 171, Hulls) contained minimum 85% monoglycerides. The yeast (hydrated form) was purchased from Hirondelle, Lesaffre, France.
METHODS

Breadmaking Procedure
The composition of white baguettes was: flour (100 g), water (61 g), yeast (2 g), salt (2.3 g), malt flour (0.2 g), emulsifier (0.3 g) and preservatives (0 or 0.15 g). Bread samples were made as follows: The ingredients were mixed in a hook mixer (BOKU) for 2 minutes at low speed (speed setting: 1) and for 6 minutes at high speed (speed setting: 3), until the dough is well developed. The temperature of the dough was about 27 °C. After an intermediate proofing of the dough covered by a plastic bag for 5 minutes, the dough was divided into 280 g portions. These pieces were rounded, moulded and divided in two loaves, which were placed into bread pans and proofed for 2 hours in a proofing box at 30 °C and 80 % relative humidity (R..H). The proofed dough was part baked for 20 minutes at 150 °C in a vertical oven (GOUET). Then, the loaves were cooled for 1 h 15 min at ambient temperature, giving a temperature of 25°C at core. The loaves, handled with gloves so as to avoid contamination, were wrapped in PA/EVOH//PE bags and thermosealed. The wrapped loaves were stored in an airconditioned room at a temperature of approximately 27°C. Five repetitions (at least) were performed for each experiment. Control bread samples, which did not contain preservatives, were prepared simultaneously each day of experimentation, under identical conditions.
Addition of food grade ethanol
The appropriate quantity of 96° food-grade ethanol was either added on the whole surface of the bread samples before wrapping, or added inside the pouches before being filled with a loaf, with a pipette. Then, the pouches were thermosealed.
Modified atmosphere packaging
Modified atmosphere packaging is the enclosure of food products in a high gas barrier film, in which the gaseous environment has been changed or modified to slow respiration rates, to reduce microbial growth, and to retard enzymatic spoilage, with the intent of extending the shelf life. The gases used were carbon dioxide and nitrogen. The modified atmosphere packaging was made using a Multivac Vacuum/Flushing Packaging machine (BG-PRUFZERT). A preformed pouch filled with a loaf was placed into the chamber. When the chamber lid was closed, the vacuum pump was activated, the chamber was evacuated till 8 mbar, then the pouch was backfiushed with a mixture of 70% V/V carbon dioxide and 30 % nitrogen till 750 mbar and sealed.
Ultra-violet treatment
Ultra-violet treatment was carried out using two UV lamps (HNS 30 OFR, Osram). Their characteristics were: power 30 W, current intensity 370 mA, power of UV radiation 8 W, intensity of the radiation 90 pW/cm 2 . Wrapped bread samples were placed at a distance of 16 cm under the UV-lamps. Each side was treated for 2.5 or 10 minutes, giving absorbed doses of 32, 81 and 162 kGy respectively.
Addition of preservatives
The preservatives (potassium sorbate or calcium proprionate) were added in the basic dough at 0.15 % by flour weight for the production of white bread baguettes.
Pasteurisation
This treatment consists of a heating at 140°C, for 45 minutes, in a tunnel oven (Werner and Pfleiderer), giving a core temperature of about 65-70°C. Pasteurisation by use of heat implies either the destruction of all disease-producing organisms or the destruction or reduction in number of spoilage organisms in certain foods (Jay, 1992) .
Examination of Part Baked Baguettes
Testing of the relative microbialfree shelf life
The loaves were examined for visible signs of microbial growth on the crust every day. The microbial shelf life is defined as the period in days in which the spoilage caused by micro-organisms was first observed. The shelf life was expressed in relation to the corresponding control.
Microbial analysis
Microbial analysis of bread samples has been carried out in triplicate. 1 g of the upper surface of a bread sample was added to 10 ml of 0.85% sterilised saline, giving a dilution of 1:10. Sometimes, further dilution of 1:100, 1:1000 or 1:10000 was needed. After homogenising this solution, 1 ml was inoculated on plates, which contained tryptone glucose agar extract (Oxoid Ltd, UK) for total plate count and Sabouraud dextrose agar (Oxoid Ltd, UK) for yeast and moulds count. Then, the plates were incubated at 35°C, for 2 days for total plate count, and at 27°C for 5 days for yeast and moulds count. Finally, the number of colonies were counted and calculated by weight of bread.
Measurement ofpH
An electronic pH-meter was used (704, O Metrohm, Suisse). After calibration using standard solutions at pH =4 and pH=7, each bread suspension (10 g of ground bread were added to 100 g distilled water and the dispersion was homogenised using a magnetic stirrer) was measured.
Water activity measurement
Water activity (a w ) measurements were made using a Rotronic hygrometer, having an accuracy of 0.005. The bread moulded was ground with a Moulinex grinder. Then, a cup sample equipped with an UHPDE sinter filter was filled with the ground bread, and left for 30 minutes, so that the product can acclimate in the cup. Then, the cup was fixed in the AWC measuring station, the UHDPE filter surrounding the sensor. When the displayed value was stable, it was recorded.
RESULTS AND DISCUSSION
Results
The effect of ethanol, present at the same proportion in baguettes, either added with a pipette on the whole surface of the bread samples before wrapping, or added inside the pouches before being filled with a loaf, on the shelf life is shown in Table 1 . In supplementary experiments, where 2, 2.5 and 3% of ethanol content was used, no microbial spoilage was observed even after 80 days.
The results of the microbial shelf life of bread samples, which were wrapped in modified atmosphere packaging and stored at either 27 or 35°C, are given in Table 2 . The samples coming from the modified atmosphere treatment or pasteurisation procedure were analysed for total plate count and yeast and moulds count, as well as the control sample (Table 3) .
The effect of ultra-violet treatment using absorbed doses of 32, 81 and 162 kGy on the microbial shelf life of bread is shown in Table 2 . Wrapped part baked white bread samples were made using conventional preservatives (0.15% calcium propionate or 0.15% potassium sorbate). The results of the shelf life are presented in Table 2 .
Discussion
Effect of Ethanol on the Microbial Shelf Life of Bread
It is obvious that the presence of ethanol has a beneficial effect, increasing greatly the microbial shelf life of part baked baguettes up to 50 days (Table 1 ). According to the ttest, there is no significant differences between the samples on the surface of which the ethanol was added and those, in which the ethanol was added inside the bags. These results are in accordance with those of Seiler (1983 Seiler ( , 1998 and Seiler and Russel (1991) , who reported that the same increase in shelf life is obtained whether the same amount of ethanol is sprayed on the product or added in the bag containing the product. Differences between our data and those of Seiler could be due to lower initial contamination in our experiments and to the different permeability of the bags to ethanol vapour.
Ethanol absorbed by the product can have a water activity lowering effect (Ooraikul, 1991) . An estimate of the final water activity of the product (a w ) can be made using the Ross equation as follows:
where a W p is water activity of the product before ethanol addition, a e is water activity lowering effect of ethanol calculated from Raoult's law using the following equation: (1991) a e -moles water in the product/(moles water in the product + moles ethanol added)
Using these two equations, the final water activity of the white bread (36.2% humidity and a wp = 0.96) wrapped with 1, 2 and 3 % ethanol is estimated to be 0.95, 0.94, and 0.93 respectively. Therefore, the decrease of the water activity is too slight to explain the great inhibitory action of ethanol. Indeed, it has been shown that the effect of ethanol occurs principally from the vapour phase in the headspace rather than from the absorbed ethanol (Ooraikul, 1991) . Ethanol has a major effect on the structure and function of membranes and it can disrupt cellular metabolism in diverse ways. Due to its vapour-phase activity, ethanol has the advantage that all parts of the wrapped product are protected (Seiler and Russel, 1991) .
Effect of Modified Atmosphere Packaging on the Microbial Shelf Life of Bread
The results (Table 2) show that the use of modified atmosphere packaging had, also, a very positive effect, rising the microbial shelf life of bread to very high levels (>70 days), compared to the control bread having a shelf life of 4.6 days (minimum increase 1400%). This is reasonable, since carbon dioxide has bacteriostatic and fungistatic properties by itself and it is water and lipid soluble (Dixon and Kell, 1989; Wells and Uota, 1970) . On the other hand, nitrogen, an inert and tasteless gas with no fungistatic properties, used to replace oxygen in packs, prevents oxidative rancidity and inhibits growth of aerobic microorganisms. Moreover, because of its low solubility in water and lipids, it is used as a filler gas to prevent the pack to collapse, which may occur in a high carbon dioxide containing atmosphere (Eklund and Jarmund, 1983) . Seiler (1998) reported an increase of the shelf life of part baked bread of only 200%. This difference may be due to the very low permeability of our bags against 
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(%) 0 >2173 1514 0 100 91 96 0 26 106 * MAP tests, **absorbed dose of UV radiation (kGy), ***experiments with preservatives carbon dioxide and nitrogen. Seiler didn't report the type of bags used in his study. We also noticed, that shelf life increases when storage temperature decreases. According to a number of authors (Smith et al., 1983; Smith and Simpson, 1996; Eklund and Jarmund, 1983) , this is due to the greater reduction of pH in the product stored at 27 °C compared to that at 35°C, than to a greater solubility of carbon dioxide in the aqueous phase. Moreover, Ooraikul (1991) claims that the permeability of packaging films is a function of temperature. In general, permeability increases as temperature increases. However, Seiler (1998) found that the shelf life extension of part-baked bread did not vary with storage temperature.
The microbial analysis results (Table 3) prove that the counts of the first day for pasteurised bread were negative, showing that the pasteurisation treatment was efficient. However, the population of microorganisms increased dramatically during storage. This confirms the postulation that a post-contamination occurred. The rate of increase of microorganisms population of bread in modified atmosphere packaging was lower than that of pasteurised bread during storage time, although MAP samples possessed an initial microbial charge. It is evident that carbon dioxide is very effective. Indeed, after 22 days of storage, the bread showed no visible sign of microbial growth.
A primary explanation of the action of carbon dioxide is that it is highly soluble in aqueous phase of foods, thus acidifying them through the production of carbonic acid. In our study, the pH of white bread was 5.59±0.03, but in modified atmosphere packaging it was 5.26+0.05. The pH decrease was too slight, and could not be considered the major reason of the antimicrobial action of carbon dioxide. Indeed, according to Dixon and Kell (1988) and Smith and Simpson (1996) , carbon dioxide has some direct antimicrobial effects. Despite numerous reports on this subject, the mechanism of carbon dioxide inhibition remains unclear. 
Effect of Ultra-violet Treatment on the Microbial Shelf Life of Bread
The results of ultra-violet treatment ( Table 2) show that on average the shelf life was increased by 100% compared to the control (0 kGy). There is no significant difference in bread shelf life among the absorbed doses of UV of 32, 81 and 162 kGy. Moreover, a considerable scattering of the results was observed in the treatment of 32 and 81 kGy (5 to 11 days for 32 kGy, 6 to 13 days for 81 kGy). This behaviour could be explained by the cracks and crevices on the surface of the bread samples, which protect mould spores from the UV light. Indeed, UV light has poor penetrative capacities (Jay, 1996; Smith, 1993; Seiler, 1983) . Therefore, a treatment of 32 kGy seems to be sufficient to decontaminate the surface of the bread, but highest doses are not able to decontaminate the cracks and crevices.
It should be noticed that ultra-violet exposure leads to the production of lethal mutations as an outcome of their action on cell nucleic acids: the UV light causes adjacent thymine molecules to covalent link, thus forming thymine dimer and blocking further the replication of DNA (Jay, 1996; Smith, 1993; Adams and Moss, 1995) . Death of a population from UV-irradiated cells demonstrates a log-linear kinetics similar to thermal death (Adams and Moss, 1995) .
Effect of Calcium Propionate and Potassium Sorbate on the Microbial Shelf Life of Bread
The addition of 0.15% calcium propionate by flour weight increased the microbial shelf life by 26% compared to the control (without preservatives) (Table 2) , which is approximately in accordance with the results of Seiler (1983) , who reported that 0.2 % of calcium propionate by flour weight extended the shelf life up to 6 days, as compared to 4 days for untreated loaves. However, Islam (1982) observed an increase of the shelf life of 115% using 0.13% calcium propionate. This discrepancy may be due to the bread formula, which can vary widely from one type of bread to the other (the recipe of The addition of 0.15% of potassium sorbate improved the shelf life by 106%. Potassium sorbate appears to be more effective than calcium propionate (4 times more effective) which is in agreement with the relevant literature (Eklund, 1979) , mentioning that the growth of E. Coli and its uptake of amino acid and glucose were more inhibited by potassium sorbate than by calcium propionate used at identical proportions. The higher effectiveness may be attributed, also, to the unsatured chain of potassium sorbate (Grundy, 1996) . However, potassium sorbate, compared to calcium propionate, has the disadvantage to impede the proofing of the dough, because of its activity against yeasts.
CONCLUSION
The investigation of the single effect of several factors on the microbial shelf life of wrapped part-baked baguettes led to the following results: Very high shelf life extensions were obtained either by the addition of ethanol (50 days with 1.5% ethanol content) or by modified atmosphere packaging (>70 days) method. Both methods are proved very promising. The use of 0.15% calcium propionate or potassium sorbate gave an interesting increase (26 and 106% respectively) similar to that achieved by ultraviolet treatment (100%). Modified atmosphere packaging method was proved better than pasteurisation for long period storage of bread product, while for very short period pasteurisation is superior. In Figure 1 the achieved shelf life of baguettes by the applied methods is illustrated.
